Abstract-Concerns exist that diuretic-induced changes in serum potassium may have adverse effects in hypertensive patients. The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial, a large practice-based clinical trial, made it possible to examine consequences of observed changes in potassium during care in conventional practice settings. Normokalemic participants randomized to chlorthalidone (C) versus amlodipine or lisinopril as a first-step drug were stratified by year-1 potassium. Postyear-1 outcomes among hypokalemics (potassium, Ͻ3.5 mmol/L) and hyperkalemics (potassium, Ͼ5.4 mmol/L) were compared with normokalemics (potassium, 3.5-5.4 mmol/L). Year-1 hypokalemia incidence was 6.8%; incidence in C (12.9%) differed from amlodipine (2.1%; PϽ0.001) and lisinopril (1.0%; PϽ0.01). Hyperkalemia incidence (2.0%) was greater in lisinopril (3.6%) than in C (1.2%; PϽ0.01) or amlodipine (1.9%; PϽ0.01). Coronary heart disease occurred in 8.1% with hypokalemia, 8.0% with normokalemia, and 11.1% with hyperkalemia. Overall, mortality was higher in hypokalemics than in normokalemics (Cox hazard ratio, 1.21 [95% CI, 1.02-1.44]) with statistically significant (interaction, PϽ0.01) disparity in hazard ratios for the 3 treatment arms (hazard ratios, Cϭ1.21, amlodipineϭ1.60, lisinoprilϭ3.82). Hyperkalemia was associated with increased risk of combined cardiovascular disease (hazard ratio, 1.58 [95% CI, 1.15-2.18]) without significant treatment interactions. In conventional practice settings, the uncommon appearance of hyperkalemia was associated with increased cardiovascular disease risk. Hypokalemia was associated with increased mortality; however, the statistically significant heterogeneity in hazard ratios across treatment groups strongly suggests that the observed increase in mortality is unrelated to the specific effects of C. Thus, for most patients, concerns about potassium levels should not influence the clinician's decision about initiating hypertension treatment with low-moderate doses of thiazide diuretics 1 Although variations in serum K ϩ have been implicated in the development and progression of coronary heart disease (CHD), new-onset diabetes mellitus, 2 and myocardial infarction, 3 the main concern has been the potential of diuretic-induced hypokalemia to provoke cardiac arrhythmia and sudden death. 
C oncerns have been raised that low and high serum potassium (K ϩ ) concentrations may be associated with adverse cardiovascular effects in hypertensive patients. 1 Although variations in serum K ϩ have been implicated in the development and progression of coronary heart disease (CHD), new-onset diabetes mellitus, 2 and myocardial infarction, 3 the main concern has been the potential of diuretic-induced hypokalemia to provoke cardiac arrhythmia and sudden death.
Diuretics, an antihypertensive mainstay for Ͼ50 years, produces hypokalemia more frequently than do other antihypertensive agents. 5 Concerns have also been raised about the potentially adverse effects of hyperkalemia induced by angiotensin-converting enzyme inhibitor therapy, such as increased risk of cardiovascular disease (CVD) mortality in hypertensive patients. 1 The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT), a double-blind, practicebased hypertension treatment trial, randomized 42418 high CVD risk patients to an initial treatment with chlorthalidone (C), lisinopril (L), amlodipine (A), or doxazosin. 6, 7 The doxazosin arm was discontinued early and is not considered in this report. 8 Chlorthalidone was at least as effective as comparator drugs in preventing cardiovascular events and all-cause mortality and superior to all in preventing new-onset heart failure. It was also superior to the angiotensin-converting enzyme inhibitor in preventing combined CVD and, in black participants, stroke. With its large size and long follow-up, ALLHAT offers a unique opportunity to determine the relative effects of these treatments on year-1 K ϩ and the potential impact of these perturbations on long-term (3-7 years) cardiovascular morbidity and mortality in patients treated in diverse clinical practice settings. Data are not available to assess clinical behaviors that occurred in response to these findings. Thus, our data describe associations of hypokalemia and hyperkalemia with the CVD outcomes but do not detail clinical practice responses (potassium supplementation, change in therapy, etc) that may have contributed to these results. Specifically, we report the association of new-onset hypokalemia (Ͻ3.5 mmol/L) and hyperkalemia (Ͼ5.4 mmol/L) determined at year-1 of follow-up by a central laboratory with major clinical end points, overall and by randomized treatment assignment.
Methods

ALLHAT Design
The design of ALLHAT has been reported. 7 The primary outcome was nonfatal myocardial infarction (MI) or CHD mortality. Secondary end points included fatal and nonfatal stroke, heart failure (HF), combined CVD, and total mortality.
ALLHAT Participants
ALLHAT enrolled men and women (47%) aged Ն55 years with hypertension and Ն1 additional CVD risk factor; 35% of participants were black; 19% were Hispanic. 6 Recruitment was accomplished between February 1994 and January 1998.
9 Active follow-up ended in March 2002 (average of 4.9 years; range, 4.0 -8.0 years). 6 Included in this report are normokalemic participants assigned to C, A, or L who had potassium measurements at baseline and year 1. Participants were grouped into 3 strata according to their year-1 K ϩ level, and postyear-1 outcomes over an average of 3.9 years were compared. All of the participants gave written informed consent, all of the centers obtained institutional review board approval, and the trial was monitored by a National Heart, Lung, and Blood Institute-appointed data and safety monitoring board.
Treatment
Unless the drug regimen required tapering for safety reasons, individuals continued any previous antihypertensive medications until they received their randomized study drug. Participants were randomly assigned to C (12.5-25.0 mg/d), A (2.5-10.0 mg/d), or L (10.0 -40.0 mg/d) in a ratio of 1.7:1:1, respectively. The study supplied open-label atenolol, reserpine, or clonidine at step 2 and hydralazine at step 3 if needed for blood pressure (BP) control. The BP control goal was Ͻ140/90 mm Hg in all of the treatment groups and was assessed at each follow-up visit using the average of 2 BP measurements. After an initial titration visit at 1 month, participants were seen every 3 months during year 1 and every 4 months thereafter.
7
Serum Potassium Determination and Supplementation
Blood samples were obtained at ALLHAT clinics and analyzed at the ALLHAT Central Laboratory. Serum potassium concentrations were measured at baseline and follow-up visits at 1 month and years 1, 2, 4, and 6. Additional potassium concentrations could be determined locally but were not collected centrally. Potassium Ͻ3.2 mmol/L or Ͼ5.5 mmol/L resulted in urgent advisories to the clinics for immediate local rechecks of participants. The laboratory also notified clinics of any K ϩ increases Ն1.0 mmol/L from the previous measurement. Oral potassium supplementation was provided free of charge to any participant with a potassium level Ͻ3.5 mmol/L on local clinic recheck.
Outcomes
The primary outcome was a composite of fatal CHD and nonfatal myocardial infarction. 7 Prespecified secondary outcomes were as follows: (1) all-cause mortality; (2) fatal and nonfatal stroke; (3) HF (fatal, hospitalized, or treated nonhospitalized); and (4) combined CVD (primary outcome, coronary revascularization, stroke, angina [hospitalized or treated nonhospitalized], HF, and treated peripheral arterial disease). In addition, all-cause mortality was classified into CVD and non-CVD causes.
Statistical Analysis
Baseline characteristics were compared across year-1 potassium concentrations using the z test for continuous variables and contingency table analysis for categorical variables. Cumulative event rates were calculated using the Kaplan-Meier method. 10 Cox proportional hazards (PH) regression models (hazard ratios [HRs] and 95% CIs) were used to compare hypokalemia/normokalemia and hyperkalemia/normokalemia (overall and within randomized drug groups) while adjusting for age, race, sex, history of diabetes mellitus, CHD and atherosclerotic CVD, cigarette smoking, baseline systolic BP and K ϩ , and estimated year-1 glomerular filtration rate. 10, 11 To account for the possible differences in follow-up BP and K ϩ , Cox PH regression analyses with time-dependent covariates were also performed.
The PH assumption was examined with log-log plots and Schoenfeld residual analysis 12 ; the assumption was violated once, for HF among C participants, and a logistic model was used to obtain odds ratios and CIs. Heterogeneity of effects in subgroups was examined by testing for treatment-covariate interaction with the Cox PH regression model using PϽ0.05, indicating statistical significance. However, given the many multivariate, subgroup, and interaction analyses performed, statistical significance at this level should be interpreted with caution.
Results
The study cohort was derived from 33 357 ALLHAT participants randomized to C, A, or L ( Figure S1 , available in the online-only Data Supplement). It was composed of participants (nϭ19 731 [59%]) who had normal baseline K ϩ values (3.5-5.4 mmol/L) and valid year-1 values (2.5-7.0 mmol/L); of these, 1351 (6.8%) had hypokalemia, 17 982 (91.1%) had normokalemia, and 398 (2.0%) had hyperkalemia at year 1. Baseline characteristics were similar between this and the overall ALLHAT cohort (Table S1 ). In comparison with normokalemic subjects, those who became hypokalemic were more likely to be black, to be women, and to have received antihypertensive medications before enrollment, whereas they were less likely to have a history of CHD and/or diabetes mellitus, to be taking aspirin, or to be a past smoker. In addition, persons with hypokalemia tended to have higher baseline systolic BP and diastolic BP, lower fasting glucose, higher high-density lipoprotein cholesterol levels, and lower triglyceride concentrations than those with normokalemia. Persons who became hyperkalemic by year 1 tended to be older, have lower DBP, have modestly lower estimated glomerular filtration rate, and were less likely to be in the lipid-lowering trial component than those with normokalemia.
Mean levels of K ϩ and BP at baseline and by follow-up year are presented in Table S1 by serum K ϩ group. During follow-up, systolic BP was similar among these groups, whereas diastolic BP in hypokalemics was slightly higher than in those with normal K ϩ and was lowest in hyperkalemics. Randomization to C was associated with increased risk of hypokalemia (1185 of Table 2 ). The rate for combined A indicates amlodipine; C, chlorthalidone; CCVD, combined cardiovascular disease; CHD, coronary heart disease; CVD, cardiovascular disease; HF, heart failure; HR, hazard ratio; L, lisinopril. *Sample sizes for K ϩ Ͻ3.5 and 3.5ՅK ϩ Յ5.4 groups, respectively, are as follows: Cϭ1185 and 7864; Aϭ113 and 5155; Lϭ53 and 4963. †Unadjusted Cox model for each outcome included only terms for the K ϩ Ͻ3.5 group and the K ϩ Ͼ5.4 groups relative to the normal potassium group. The corresponding data for K ϩ Ͼ5.4 are given in Table 3 . ‡The adjusted Cox model for each outcome included main effects terms for hypokalemia/normal, hyperkalemia/normal, baseline characteristic: age (decades of life), sex (male/female), race (black/nonblack), type 2 diabetes mellitus (yes/no), history CHD (yes/no), history of other atherosclerotic CVD (yes/no), cigarette smoker (yes/no); baseline systolic blood pressure and serum potassium; and estimated glomerular filtration rate at y 1.
§Odds ratio was from a logistic model; proportional hazards assumption was violated.
CVD was actually lower for hypokalemics compared with normokalemics (HR, 0.88), and the result was significantly different for C versus A (P for interactionϭ0.02; HR C , 0.86; HR A , 1.48; Tables 1 and 2 Overall mortality in hypokalemics compared with normokalemics was composed of an 18% higher risk of CVD death (Pϭ0.20) and a 23% higher risk of non-CVD death (Pϭ0.08; Table 2 ). Mortality from CHD causes accounted for 54% of the CVD deaths but did not differ significantly between hypokalemic and normokalemic groups (3.99/100 versus 3.78/100; HR, 1.32; Pϭ0.11). Notably, mortality from cancer causes, which composed 52% of non-CVD deaths, was significantly higher in hypokalemics compared with normokalemics (5.48/100 versus 3.74/100; HR, 1.52; PϽ0.01).
There was also heterogeneity between drug groups in several CVD outcomes. Specifically, those assigned to A who developed hypokalemia, compared with those remaining normokalemic, had significantly increased risk for CHD (HR, 2.41), HF (HR, 2.19), combined CVD (HR, 1.48), and CVD death (HR, 2.10). These results for A were significantly different than C, with all of the interaction P values Ͻ0.03. For those assigned to L, there was a significantly increased risk for hypokalemics compared with normokalemics at year 1 for HF (HR, 3.10) and CVD death (HR, 3.93). These results for L were significantly different than C, with all of the interaction P values Ͻ0.01.
Development of hyperkalemia was far less frequent than hypokalemia (398 versus 1351) and was more common among L participants (3.6%) than C (1.2%) or A (1.9%). In L participants, those developing hyperkalemia were at increased risk of death (HR, 1.49 [1.05-2.12]; Pϭ0.02) compared with normokalemics (Table 3) . Overall (Table 4) , hyperkalemics were at significantly increased risk of combined CVD compared with normokalemics (HR, 1.58), but there were no significant interactions with treatment.
Potassium supplementation was available (Table S2) , and 36% of participants with K ϩ Ͻ3.2 mmol/L at their first follow-up visit (1-3 months after randomization) were reported to be on supplementation at the next visit (within 3 months); 28% of those with a K ϩ Ͻ3.5 mmol/L and 2% of Also depicted are Cox proportional HRs, corresponding 95% CIs, and P values for the hypokalemia/normal comparisons and for the drug group by y-1 serum potassium interaction tests: hypokalemia/normalϫA/C and hypokalemia/normalϫL/C. A indicates amlodipine; C, chlorthalidone; CCVD, combined cardiovascular disease; CHD, coronary heart disease; CVD, cardiovascular disease; HF, heart failure; HR, hazard ratio; L, lisinopril. *Sample size: K ϩ Ͻ3.5, nϭ1351; 3.5ՅK ϩ Յ5.4, nϭ17 982. †Unadjusted Cox model for each outcome included only terms for the K ϩ Ͻ3.5 group and the K ϩ Ͼ5.4 group relative to the normal potassium group; K ϩ Ͼ5.4, nϭ398; 3.5ՅK ϩ Յ5.4, nϭ17 982. ‡The adjusted Cox model for each outcome included main effects terms for hypokalemia/normal, hyperkalemia/normal, baseline characteristic: age (decades of life), sex (male/female), race (black/nonblack), type-2 diabetes mellitus (yes/no), history CHD (yes/no), history of other atherosclerotic CVD (yes/no), cigarette smoker (yes/no); baseline systolic blood pressure and serum potassium, estimated glomerular filtration rate at y 1, drug treatment effects (A/C and L/C), and 4 interaction terms: the 2 potassium main effects (hypokalemia/normal, hyperkalemia/normal) with each of the 2 drug main effects (A/C and L/C).
those with a K ϩ Ն3.5 mmol/L were on supplementation. These percentages increased by year 4 to 71% of those with K ϩ Ͻ3.2 mmol/L and 62% of those Ͻ3.5 mmol/L. At year 1, an open-label diuretic was prescribed for 3% of C hypokalemics, 19% of A hypokalemics, and 23% of L hypokalemics. For hyperkalemics, open-label angiotensin-converting enzyme inhibitor was prescribed for 4% of C, 6% of A, and 3% of L.
Discussion
ALLHAT data show that, in conventional practice settings, notice of incident hypokalemia was not associated with adverse cardiovascular outcomes, and, although associated with increased total mortality, the observed increase showed heterogeneity across treatment groups, with HR in C significantly different from L. This large study with careful ascertainment of clinical outcomes provides further assurance that appearance of hypokalemia is not likely to compromise the proven cardiovascular benefit of diuretic therapy. In addition, ALLHAT data show that hyperkalemia, although relatively rare and most common in patients randomized to L, was associated with increased total CVD outcomes.
Our analysis was limited to ALLHAT participants, randomized to C, A, or L, who had normal baseline K ϩ concentrations (3.5-5.4 mmol/L) and repeat measurements between 10 and 14 months later. These participants did not markedly differ from the entire trial population in demo- A indicates amlodipine; C, chlorthalidone; CCVD, combined cardiovascular disease; CHD, coronary heart disease; CVD, cardiovascular disease; HF, heart failure; HR, hazard ratio; L, lisinopril. *Data show sample sizes for K ϩ Ͼ5.4 and 3.5ՅKՅ5.4, respectively: Cϭ110 and 7864; Aϭ103 and 5155; Lϭ185 and 4963. †Unadjusted Cox model for each outcome included only terms for the K ϩ Ͻ3.5 group and the K ϩ Ͼ5.4 groups relative to the normal potassium group. The corresponding data for K ϩ Ͼ5.4 are given in Table 3 . ‡The adjusted Cox model for each outcome included main effects terms for hypokalemia/normal, hyperkalemia/normal, baseline characteristic: age (decades of life), sex (male/female), race (black/nonblack), type 2 diabetes mellitus (yes/no), history CHD (yes/no), history of other atherosclerotic CVD (yes/no), cigarette smoker (yes/no); baseline systolic blood pressure and serum potassium; and estimated glomerular filtration rate at y 1.
graphic and clinical characteristics. As expected, modest year-1 hypokalemia (3.2-3.4 mmol/L) was primarily an experience of participants randomized to C (9.5% compared with 1.7% in A and 0.8% in L). Development of severe hypokalemia (Ͻ3.2 mmol/L) was less frequent (3.5% in C). By contrast, hyperkalemia (K ϩ Ͼ5.4) occurred primarily in L participants (3.6%) and was least common among C participants (1.2%). Potassium supplements were prescribed to Ϸ10% of participants. The availability and use of potassium supplements suggest that clinical care, in ALLHAT, is likely to mirror conventional care, and, thus, the CVD outcomes of interest in regard to incident hypokalemia are likely to be generally applicable in settings where clinicians are free to respond appropriately to this laboratory finding.
It has been suggested that hypokalemia, by contributing to atherosclerosis, platelet aggregation, and cardiac arrhythmia, may offset the benefits of BP reduction (thus perhaps increasing cardiovascular morbidity) and help explain a putative deficit in coronary event prevention achieved in clinical trials of diuretic therapy compared with that predicted from epidemiological data. 13 Thus, concerns have primarily been directed at diuretic-induced hypokalemia and its CVD consequences.
Thirteen percent of C participants were hypokalemic at year 1. Their subsequent CVD morbidity and mortality did not exceed those of normokalemic participants in any cardiovascular outcome, and they actually had lower rates of cardiovascular events than the hypokalemic, normokalemic, or hyperkalemic subgroups of either L or A participants. For CVD outcomes, HF seems to be responsible for most of the heterogeneity as opposed to CHD or stroke. There was less HF in C compared with A or L. Overall mortality among hypokalemic C participants was significantly higher than normokalemics. However, when stratified by CVD and non-CVD causes, only the latter remained statistically significant. The risk of death in hypokalemics compared with normokalemics was the highest in L participants (HR, 3.82; PϽ0.01), intermediate in A (HR, 1.60; Pϭ0.06), and lowest in C (HR, 1.21; Pϭ0.03). This heterogeneity across treatment groups suggests that hypokalemia likely represents chronic conditions associated with potassium loss and high mortality (as evidenced by the increased cancer mortality [HR, 1.52; PϽ0.01]) and transient conditions such as gastrointestinal disturbances (not documented in ALLHAT). The lowest risk in the diuretic arm was possibly because of admixture of the hypokalemia directly related to the effects of the drug, which in some patients may be corrected by homeostatic mechanisms and in others addressed by potassium supplementation per usual clinical standards. Thus, it appears that non-CVD mortality, specifically cancer deaths, contributes significantly to the excess mortality in hypokalemia. This experience in ALLHAT exceeds, in magnitude and data quality, any similar observational data Also depicted are Cox proportional HRs, corresponding 95% CIs, and P values for the hyperkalemia/normal comparisons and for the drug group by y-1 serum potassium interaction tests: hyperkalemia/normalϫA/C and hyperkalemia/normalϫL/C. Participants with baseline potassium Ͻ3.5 mmol/L or Ͼ5.4 mmol/L were excluded. A indicates amlodipine; C, chlorthalidone; CCVD, combined cardiovascular disease; CHD, coronary heart disease; CVD, cardiovascular disease; HF, heart failure; HR, hazard ratio; L, lisinopril. *Sample size: K ϩ Ͼ5.4, nϭ398; 3.5ՅK ϩ Յ5.4, nϭ17 982. †Unadjusted Cox model for each outcome included only terms for the K ϩ Ͻ3.5 group and the K ϩ Ͼ5.4 group relative to the normal potassium group; K ϩ Ͼ5.4, nϭ398; 3.5ՅK ϩ Յ5.4, nϭ17 982. ‡The adjusted Cox model for each outcome included main effects terms for hypokalemia/normal, hyperkalemia/normal, baseline characteristic: age (decades of life), sex (male/female), race (black/nonblack), type-2 diabetes mellitus (yes/no), history CHD (yes/no), history of other atherosclerotic CVD (yes/no), cigarette smoker (yes/no); baseline systolic blood pressure and serum potassium, estimated glomerular filtration rate at y 1, drug treatment effects (A/C and L/C), and 4 interaction terms: the 2 potassium main effects (hypokalemia/normal, hyperkalemia/normal) with each of the 2 drug main effects (A/C and L/C).
linking K ϩ concentrations to subsequent cardiovascular morbidity in a treated hypertensive population.
Of interest in the ALLHAT analyses of hypokalemia and hyperkalemia and their potential association with clinical events is the degree of persistence of these clinical states during the remainder of the trial. The administration of K ϩ supplements was encouraged for all of the participants who had K ϩ Ͻ3.5 mmol/L persistently. In this large trial, incidental K ϩ measurements done as part of routine patient care were not recorded centrally. Of the 19 731 ALLHAT participants included in this report, 16 213 (82%) had central K ϩ measures at 3, 12, and 24 months. Only 9.6% of the 1117 who were hypokalemic at 12 months were hypokalemic at all 3 of the time points. The majority of participants with hypokalemia were assigned C. In like fashion, only 1.3% of the 309 who were hyperkalemic at 12 months were hyperkalemic at all 3 of the time points. The largest proportion was assigned L. The available data do not permit an explanation for the association of potassium abnormalities with CVD events or total mortality. However, the data do imply that the clinical response to learning that abnormalities in K ϩ had occurred was both appropriate and sufficient and that hypokalemic or hyperkalemic states detected in ALLHAT participants were not allowed to persist.
Altogether, clinical studies linking K ϩ concentrations to subsequent events have yielded inconsistent results. 4, 14, 15 The limitations of methodology and observational nature of most studies make this inconsistency understandable. The potassiumlosing effects of diuretics, particularly when higher doses were in fashion, have been widely described, as have the reverse effects of agents blocking the renin-angiotensin system. [16] [17] [18] Meta-analyses of clinical trials consistently indicate that, as was the case in ALLHAT, no other antihypertensive agent produces cardiovascular protection superior to that achieved when therapy is initiated with a diuretic. 19 Diuretic dosage in ALLHAT, 12.5 to 25.0 mg of C per day, can be considered moderate. The incidence of hypokalemia here was consistent with that seen in placebo-controlled clinical trials in which CVD prevention was achieved. 19 This report of the ALLHAT is a post hoc observational analysis of subjects' experience not protected by randomization and is, therefore, despite robust multivariable analysis, subject to residual confounding. This applies particularly to the drug subgroup analyses. We lack precise interval information on the course of both therapy and potassium concentrations and, thus, cannot assess interval interventions or potassium levels proximal to events. It should also be noted that the data here reflect the relatively short-term impact of treatment-induced variations in potassium in older hypertensive patients. At the same time, ALLHAT provides a very large experience to determine the midterm CVD consequences in routine clinical practice when evidence of incident hypokalemia or hyperkalemia has been systematically made available to treating physicians.
In summary, these results reveal that severe drug-induced alterations of K ϩ affect a small minority of treated patients. Hyperkalemia, although infrequent, usually occurred among angiotensin-converting enzyme inhibitor-treated patients, and signals increased cardiovascular risk. On the other hand, much more common hypokalemia, affecting Ϸ13% of C participants at year 1, was not associated with adverse cardiovascular consequences and likely represents chronic conditions associated with potassium loss and high mortality and transient conditions.
Perspectives
Diuretics have been demonstrated in multiple clinical trials to provide low-cost clinical benefit in the treatment of hypertension. Yet, many physicians have been reticent about prescribing diuretics because of concerns of diuretic-induced hypokalemia. Until now, little has been known about clinical ramifications of this hypokalemia. Several pertinent lessons can be learned from ALLHAT data. First, although the majority of the participants with hypokalemia at some time point during ALLHAT were assigned to the diuretic C, the hypokalemia seldom persisted throughout the study, likely attributed in large part to potassium supplementation, a need easily detected and therapy commonly prescribed in general medical practice. Critically, the appearance of hypokalemia in the diuretic group was not associated with increased cardiovascular outcomes; to the contrary, the risk of adverse cardiovascular outcomes including mortality among hypokalemic participants was lower in the diuretic arm than in either of the other 2 arms. Regardless of treatment group, participants with hyperkalemia fared worse than those with hypokalemia. Treating hypertension is fundamental, and treatment should often include a thiazide-type diuretic. Clinicians should feel reassured that hypokalemia associated with low-to-moderate dose diuretics (12.5-25.0 mg of C a day) affected Ͻ13% of patients and was easily remedied. Hyperkalemia, although infrequent, may present a more alarming cardiovascular risk and deserves additional study. 20 What is clear, however, is that the cardioprotective actions of diuretic use are unaffected by consequent but treatable alterations in serum potassium.
